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PROGRESS REPORT TO CON«;RESS

A FEASIBILITY STUDY OF THE AEALTH
CONSEQUENCES TO THE AMERICAN )OPULATION OF
NUCLEAR WEAPONS TESTS CONDU:"TED BY THE
UNITED STATES AND OTHER NATIONS

Executive Summary

In 1998, the Congress requested that the Department o! Health and Human Smﬁbeé |

(HHS) conduct an initial assessment of the feasibility and publ ic health implications of a detatied

study of the health impact on the American people of radioact: ve fallout from the testing of
nuclear weapons. This request resulted in a joint project by sc.entists at the Centers for Discase
Cantrol and Prevention (CDC) and the National Cancer Institice (NCI). This Progress Report
snmmarizes the technical results of the project. It has been pr:pared for HHS' transmittal to the
U.S. Senate Appropriations Comrmittee. o

In this project, for the first time, preliminary dose estin ates for representative persons in .
all counties of the contignous United States have been estimat.-d for the most important -
radionuclides produced as a result of nuclear weapans testing com 1951 through 1962 by the
Unitad States and other narions, This Progress Report include.: a summary of average doses to
two organs of the body, the thyraid and the red bane marrow, :.s a result of exposure ta 19
radionuclides contained in fallout. The values are presented fi.r both adults and children at the -

time of the tests.

Some estimates of the average risk to the United State: population for the categoties all -
cancers, leukemia, and thyroid cancer specifically have been d.:veleped using the preliminary -
dose egtimates from this feasibility study and previous work by the NCI. Theserisksare =
summarized in this Progress Report. On the basis of the preliriinary estimates of dose and risk
developed in this feasibility study, fallout radiation appears to nave the greatest impact on risks
for thyroid cancer. Risks for leukemia would be lower, Canc:rs of other argans or tissues could
be assessed as well, but because of the smaller amownt of info: mation available about radiation-
associated health effects and the lower doses to most organs, the wmcertainties associated with
these estimates would be extyemely large. With regard to non: cancer health outcomes, 8
quantitative risk analysis is not feasible in the near term. :

An extensive two-volume draft Technical Report that | rovides the details of the work
completed by this project and discussed in this Progress Repo: t has been prepared. The draft -
Technica] Report will be peer seviewed by the National Acadcay of Sciences’ Commitice on
Assessment of CDC Radiation Studies. No formal recommen lations concerning future fallowt-
related work should be made nntil peer review of the draft Te« anical Report for this feasibility

Project is complete.



 Introduetion S
In 1998, the Congress requested that the Depariment o1 Health and Human Scrvmes :

(HHS) conduct an initial assessment of the feasibility and pubtic health implications of a deta;led_ _ R

study of the health impact on the American people of radioactive fallout from the testing of =~
nuclear weapons. In response to that request, HHS has developed preliminary estimates of dose
and health risks from exposure to radioactive fallout from nucisar weapons tests conducted from

1951 through 1962 at the Nevada Test Site (NTS), as well as ot other sites throy, ghoutma worm Yo

(“glohal” tests).

In developing this assessment, HHS has actively soliciied input from the public aud from' L "

the Advisory Committee for Energy-Related Epidemiologic Rosearch (ACERER). Both written

and oral Progress reports have been given to ACERER and Cuagressional staff during the course :

of the project. Copies of previous, written progress reparts wi re available for public review, and
all written and oral comments received on these progress repo: ts were carefully conmdmd in the:
preparation of the Technical Repart.

Timeline for Technical Report Completion

Scientists at the CDC and at the NCJ have prepared an extensive two-volume Technijcal
Report providing details on the scientific methods and conclu.jons of this feasibility study. The -
draft Technical Report will ba peer reviewed by the National /«cademy of Sciences’ Committee
on Assessment of CDC Radiation Studies. A report from that committes is expectad six to nine
months after initiation of the commitiee’s deliberations. In ad fition, the Technical Report will
be available in draft for public review on the Intemet at http:// www.cde.gov/nceh/radiation
{defaulthtm. A printed copy of the draft will also be availabl: from the Radiation Studies
Branch, Division of Environmental Hazards and Health Effecis, National Center for
Environmental Health, Centers for Disease Control and Preve: tion, Mail Stop B39, 1600 Clifion
Roed NE, Atlanta, Georgia 30333; phone: (404) 498-1800; fa' - (404) 498-1811; email: NTS and
Global Fallout Report@ede.gov

All comments received will be carefully considered in the preparation of the final version
of the Technical Report. No formal recommendations concering future fallout-related work
should be made unti] peer review of the draft Technical Report far this feasibility project i is
complete.

Summary of Activitics
The activities undertaken during this project can be divided ino five major areas:
* Document location and retrieval;
» Radiation dose estimation;
¢ Review of epidemiologic literature;
» Risk assessment; and
s Development of a health cormmunication strategy.
Some preliminary findings from each of these areas are discusied in the sections that follow.



Document Loeation and Retrieval. An extensive sea ch has been made for documents -
related to ouclear weapons fellout. Although a Jarge number «.f summary reports velated to- -
nuclear weapons fallout have been published, many of the prinery documents upon which these
summary reports are based will be lost forever if they are not Jocated and eschived soon. -
Documents related to nuclear weapons festing will always be valuable to the scientific and L..th
community. ' .

Radiation Dose Estimation. At the beginning of this aroject, information on radiation
doses received by the American people across the continental nited States from nuclear - -
weapons testing was sparse. Some estimates were presented i« the NCI report on Jodine-131
exposures from the tests conducted at the NTS (NCI, 1997) ar.d in the reports of the United -
Nations Scientific Committes on the Effacts of Atomic Radial.on (UNSCEAR) (for example,
UNSCEAR, 2000), in which doge estimates from all nuclear veapons tests are averaged for the
populations of large latinide bands. In addition, an abundant, it highly fragmented, literature
was available on measurements of radionuclides in various environmental media and on dose
estimates for specific locations or regions. In this project, for he first time, preliminary dose .
estimates for representative persons in all counties of the cont:guous United States have been
estimated for the most important radionuclides produced as a 1 asult of nuclear weapons testing
from 195] through 1962 by the United States and other natior .

Any person living in the contiguous United States sinc.: 1951 has been exposed to
radioactive fallout, and all organs and tissues of the body haw«: recejved some radiation exposure.
For persons employed in the nuclear industry at this time, thes.> fallout doses would have been in
addition to any occupational doses they may have received. F.llout doses were estimated
separately for the tests conducted at the NTS and for the tests « onducted at other sites thronghout
the world (global testing) and then combined, partly for the following three reasons: (1) the data -~
available for estimating fallout were not of the same type for thie tests conducted at the NTS and
for the glohal tests, so different methods bad to be used; (2) fz!lout from these two sources
resulted in dissimilar geographic patterns of deposition of radiactivity across the contiguous
United States; and (3) the relative importance of the various rudionuelides was not the same for
the tests conducted at the NTS and for the global tests, resulting in differences in the relative |
importauce, by organs, of the doses.

Lifetime dose estimates were calculated separately for +xternal and for internal
irradiation. External irradiation results from exposure to radizijon emitted outside of the hedy,
for example, by radionuclides present on the gronnd; the corre-sponding doses are similar in most
body organs. In this feasibility study, two approximations we e made: extarnal dose to the red
bone marrow is equal to external dose to the thyroid gland, an:| external dose does not depend on
age. On the other hand, intemal irradiation results from the di-cay of radionuclides incorporated
into the body by inbalation or ingestion, with levels of exposu.e varying according tothe -
distribution of radionuclides in the organs and tissues of the b. .dy; for example, radioiodines
concentrate in the thyroid gland, whereas radiostrontium is miinly found in bone tissues. In this
feasibility study, particular attention was given to the dose estimates for the thyroid gland and for
the red bone marrow, as thyroid diseases and lenkemia were p.esumed ta be potential health
effects resulting from fallout exposures.

Because the purpose of the project was only to determae feasibility, there was no
intention in the requircd timeframe to develop new tools or to zather all data nocded to complete
an extensive study of doses to Americans from nuclear weapaous tests conducted by the United



States and other nations. Tnstead, preliminary doses have beer, calculated on the basis of 2. - _: _
detailed review of a limited number of reports and available d se assessment models. In some -
cases - particulasly for the doses resulting from the intake of storter-lived radionuclides (8.8, -

Todine-131) in global fallout - the doses calculated may have considerable ervor. Future work: o

waonld imprave the precision of these calculations. o
The usefulness of the doses estimated in this project is limited to radimentary evaluations
of the average impact on limited health outcomes for the poptlation of ths United States. - R
Because of the low precision of the estimates, these doses sho:dd not be used to estimate health
effects for specific individuals or for subpopulations. The go: of these caleulatjons wasto -
determine feasibility only, and, therefore, the magnitude of th- uncertainty of these doses has not
always been evaluated. Although the computed county-specil ¢ deposition densities and-doses -
(presented in 4 series of maps in the Technical Report) are une. ertain, dose maps, such as shown
in the Figure, are uscful to illustrate general spatial pattems o1 fallout exposure for average
individuals across the United States. R

Figure. Preliminary cstimates of the total radiation dose (milliGray [mGy]) to the red bome
marrow of children born 1 Jamary 1951 from NTS and globai fallout for all radionuclides.

As examples of results from this study, a summery of «loses averaged over the coﬁti_g'uou.s' |
 United States is presented in the Table at the end of this repon. Because the thyroid and e E

bone marrow are among the most radiosensitive organs and 1i: sues of the body, their doses were

selected as examples for presentation (Table). Thyrold cance:, non-cancer thyroid disease, and -
Jeukemia, which arises from the red bone manow, are health . ffects that could be studied ifa
mare detailed evaluation is conducted. o



Review of Epidemiologic Literature, Mainly becaus: of the results of the ongoing -
studies of stomic bomb survivors in Hiroshima and Nagasaki ~ad of patients recejving medical
radiation, a great deal is known about a wide variety of heakh .sffects resulting from acute
external irrediation delivered at relatively high dose levels. There is, however, only limited -
knowledge of health effects from chranic, low doses of intemu| irradiation from radionuclides.
such as Todine-131. A number of populations outside the Uni:d States have been exposed to .
higher levels of radiciodine and other radionwclides than the Ulaited States population. These
populations include residents of the Republic of the Marshall )slands; people living near the
nuclear weapons test site in Semipalatinsk, Kazakhstan; peopl:: exposed to large releases from
the Chernobyl nuclear power station accidept in Ukraine; and icople living pear the Mayak
muclear fue] reprocessing plant in Russia. Ongoing dosimetric and epidemiologic studies of
these populations, as well as other groups such as workers exp.sed on the job, bave provided
some uscful initial data that may advance our knowledge of the health consequences of radiation -
exposure resulting from radionuclide intakes. In pacticular, pu.liminary results rom the
. Chernoby! studies indicate that intemnal exposure to lodine-131 in childhood can increase the risk -
of develaping thyroid cancer, although the magnitude and dur. tion of the risk camnot yetbe .~
quantified accurately. Also, ongoing studies of populations living near the Mayak nuclear fuel
reprocessing plant in Russia may improve the risk estimate fo. leukemia associated with
protyacted radiation exposure. Expansion or enhancement of 11xcse investigations may be useful
to better characterize radiation risks associated with chronic, . w doses resulting from exposure
to fallout.

Epidemiologic studies conducted so far in the United {.tates have supgested an
association hetween exposure to NTS fallout and thyroid neopilasma as well as leukemia,
although these findings are not definitive. The University of | ftah is extending the follow-up for
a previous spidemiologic study of children wha lived in the viinity of the NTS in the 1950s;
results are expected to be available in a few years. '

Risk Asseasment. The relation between the dose from redicactive materials and the rigk
for disease in a population may be described by models that - press health risk as a function of
* dose and factors that modify risk such as age at exposure and (ender. These risk models also -
involve assumptions needed in extrapolating risk data from relatively high doses to chronic low
doses and also from laboratory animal species to humans. Be. ause some of the components of
these models are uncertain, estimates of risk are uncertain. Ai.y ¢valuation of risk depends on
the development of more refined dose estimates that take into iccount their uncertainty. To the
extent that reliable dose estimates can be provided, it is feasibie to estimate the lifetime risks of
developing organ-specific cancer associated with fallout expo..ures for populations or population
subgroups. It is also feasible, but difficult, to quantify the vexy large uncertainties in these risk
estimates.

Some estimates of the average risk to the United Stare . population for the categories all
cancers, leukemia, and thyroid cancer have been developed us.ng the preliminary doses
estimated for this feasibility study and thyroid doses fram previous work by NCI on NTS fallout.
With the exception of thyroid cancer, the examples were deveioped using simple approaches
Because uncertainty in the preliminary doses estimated for thi ; feasibility study has ot been
quantified, uncertainty in the risk of all cancer and leukemia ¢.mnot be fully evaluated. These
fisks are used to illustrats the feasibility of a more detailed st.Jy and to provide a preliminary
estimate of the potential impact of fallout radiation on the Am.srican population.



The NCT has previously conducted a detailed reconstru.:tion of doses to the thyroid gland
for Jodine-131 from tests in Nevada (NCT 1957), These doses were subsequently used to o
estimate that between 11,300 and 212,000 thyrojd cancers wonJd be expected to occur among the
United States population from exposure 1o Yodine-131 from th« NTS JOM 1999). The wide
range in the number of thyroid cancers predicted (11,300 - 212 ,000) {llustrates the large B
uncertainty that such estimates carry. Consideration of global fallout would likely increase these
estimates by abour 10 percent. However, the global dose estinates have 2 larger degrecof
uncertainty and, therefore, the range of the number of predicte| cancers would become relatively - -
larger. This example for thyzoid cancer illustrates the possibility of estimating risks with their -
inherent uncertainties. : :

In this feasibility study, the average external dose from. all radionuclides from both NTS -
and global fallout is estimated to be about 1.2 mGy (Table). Ii is estimated that about 11,000 -
extra deaths from all cancers, including leukemia, would occu: among the population of the .
United States who were alive at any time during the ycars 195 1-2000 as a result of external
exposure to fallour. (The predicied number of incident cases [including non-fatal cases) would be
ghout double the mumber of deaths or about 22,000) More int. xmative are deaths from cancer
estimated for persons born in specific years. For example, am.mg the 3.8 million people bormn in

the United States in 1951 there will likely be fewer than 1,000 additional fatal cancers as aresult

of fallout exposures in contrast to the approximately 760,000 1atal cancers that wonldbe
predicted in the absence of fallout. Itis expected that the larg: st number of excess cancer deaths
would eccur in thet group of persons burn in 1951, hecause, o« average, this group received
higher doses at younger ages than groups born earlier or later. Radiation doses from external -
exposure arc more uniform aver geographic areas and do not rvubstantially vary according to age-
or lifestyle habits. Thus, cancer risks for all cancers from exte.pal exposure are likely to vary
less by geographic location, birth cohert, and other factors thai are risks of thyroid cancer from
NTS Jodine-131 exposure. This lack of abviously high expos.te areas or popularions makes it
more difficult 1o identify groups with particuldrly large risks. '

Leukemia is of special interest primarily because it ha: been strongly linked with
radiation in many epidemiclogical studies and because bone-s eking radionuclides, such as
Strontium-90, are found in fallout. In estimating leukemia risl., predictions of lifetime leukemia -
mortality approximate lifetime leukemia incidence. About 10 percent or 1,100 of the 11,000 _
cancer deaths from cxtemal exposure may be predicted to be .om leukemia. It is estimated that
an additional 550 deaths (cases) from lenkemia may oceur am. ng the population of the United
States who were alive at any time during the years 1951-2000 s a result of internal exposwre 10
the red bane marrow from fallout redionuclides. For the appn ximately 3.8 million persons born
in 1951, it is estimated that 17 excess deaths (cases) from falluat-related Jeukemia will oceur in
this group (a risk of 1 in 220,000) fom internal exposure. .

On the basis of the preliminary estimates of dose and 1.5k develaped in this feasibility
study, fallout radiation appears to have the greatest impact on .isks for thyroid cancer. Risks for
leukemia would be lower. Cancers of other organs or tissues» ould be assessed as well, but
because of the smaller amount of infarmation available about ,adiation-associated health effects
and the lower doses to most argans, the uncertaimies associate d with these estimates would be
extremely large. :

]

Characterization of the cancer risk to the American pe: .ple could be enhanced throuz™
improvements in methodology (for example, better quantification of uncertainties in models for



expressing risks for specific cancers, identification of potentially highly exposed populations; -
and characterization of lifestyle and other behavioral factors that could affect the patential for
‘expasure and for 1isk). However, even with these impraveme fs, Tisk estimates that are
developed far fallout exposures will remain highly uncertain. iz addition, such estimates - . .
represent the average risk to members of a population group who shars common characteristics
such as age, place of residence, and dietary factors. The true 115k to individuals in the United -
States may vary substantially from the average for many reascis, e.g., a difference in their dose
from the predicted value, their lifestyle patterns, other environ mental exposures, their individual .
susceptibility to radiation effects, and the random nature of the predicted risk. Hence, althoughiit
should be possible to give individuals &n indication of whethe: their geographic Jocation, age, of
lifestyle during the years of puclear testing have increased the {ikelihood of their develaping
certain radiation-related cancers, accurately determining the xi k for specific individuals is not
possible. '

With regard to non-cancer health outcomes, a quantitaiive risk analysis is not feasible in
she near ferm. For most non-cancer outcomes, more fundame:tal research is needed o queztisy
the relation between low, protracted radiation dose and diseas:: and the uncertainty associated
with the estirated risk. However, among these non-cancer pliysical health outcomes, discases of
the thyroid gland have the greatest potential for acciurrence.

Development of a Health Communication Strategy One of the most important public
health implications of performing a detailed dosimetric and ri-k analysis study is the need to
communicate clearly the results of the study to the American (ublic and healthcare providers.
The results obtained during the feasibility study are too prelin inary to warrant developing a plan
for comprehensive nationwide educeation. The-effart 1o comm anicate the resnlts framthe
research carried out in a more detailed study would be extrem.dy challenging. However,
explaining carefully the potential health consequences associx ted with exposure to manerons
radionuclides in fallout, the limitations of what science can povide (in particular, the uncertainty
in estimates of dose and risk), and information regarding pos:.ble implications are especially
important.

Any education and public awareness plan would need c focns on communication and
education for the general puklic and on training heslthcare pr. viders. It would be prudent public
health practice to include right-to-know issues and to educate the Amerjcan public about
estimates of fallout exposures and risk factors for diseases rel.ded o radiation, so that people
could determine their probable risk category and decide what nealth steps are necessary an the
basis of that information. It would be equally important that « component be directed toward
physiciaus and other health-care providers so they can serve 43 & sourca of information for the
public and can help with the decision-making process of the y.atients. |

Although communication is en integral part of a more detailed study, the scope and
design of any plans would need to carefully balance the desir. s of stakeholders with the public
health priority of fallout exposures. For example, the Americ.m public could receive information
on the potential health consequences from auclear test fallow in a phased approach, drawing on
the efforts under way by NCI for the Jodine-131/Nevada Tesi Sits Commmications Project. If
that mode] proves effective, Federal agencies and non-Federa! groups could useitto :
communicate information as it is developed regarding dose e: timates and health risks for other
exposures from the NTS and global testing.



Conclusio’ns' SR B |
Scientists at CDC and NCI have prepared an extensive two-volume draft Technical
Report that provides the details of the wark completed by this jroject end discossed inthis

Progress Report. The draft Technical Report will be available for public and scientific review
and it will be pees revicwed by the National Aca lemy of Sciei.ces’ Committee on Assessment of
CDC Radiation Studies. All comments received will be carefi [y considered in the praparation
of the fina! version of the Technical Report. No formal recominendations concerping future - .-
fallout-related work should be made until peer review of the diaft Technical Report for this
feasibility project is complete. I RN U
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Table. Summary of average thyroid and yed bone marrow aases (milliGray [mGy)) from NTS |

and global fallout received as & result of exposure to
tests, unless otherw.e specified. Blank spaces reflect.

values are for adults at the time of the
negligible values of dose.

the n.ost important radionuclides. The

NTS Fallout Global Fallowt
Red Bine ' RedBome
Thyroid Mamw Thyroid Memow
External Intenal Inteval ~ External  Intemnal Inmternal
Dose® Dose  Dos:  Dose® Dose  Dose
Radionuclide Halflife® (@mGy) (mGy) (@Gy)  (mGy) mGy)  mGy)
Tohum 123y . ‘ 0.07 007
Carbon-14 5730y 0.1 01
Manganese-54 3134 el 0.04 ; ‘
Stroptium-89 52d +0.001 003 e
Strontium-90 28Sy 000 0.0009 02
| « [0.002F [05°
Zirconium/Niobium-95 64 d 0.08 0.2 £
Zirconjum/Niobium-97 17h 0.02
Ruthenium-103 39d 0.03 i ; 0.02
Ruthenium-106 368d 0.001  0.0u2 0.04
Antimony-125 2.7y ‘ i 0.03 : G
Todine-131 8d 0.02 5 0.0u:11 04 0.00009
(30)° @r  [0.0002°
Tellurium/fodine-132 3.3d 0.1 0.06  0.001
Jodine-133 09d 0.02 . 0.04 :
Cesium-136 134 0.002  0.002 e i
Cesium-137 30y 0.01 0.009  0.009 03 0.1 01
Barivm/Lanthanum- 134 02 -~ 0.006 0.05 : :
140 ’ e
Cerium-144 284 d 0.02
_I_\Lel!tlmium-239 24d 0.02
Rounded totals: : , ;
- Adults 0.5 5 01 07 07 U6
- Childbom1 [30° R [eF
January 1951 ' : il
' y=years; d=days; h=hours. —

% The external dose is equal for all organs of the body.
- ©YaJues in brackets are for a child born 1 January 1951



